Abstract: Botryosphaeran is an exopolysaccharide (EPS) of the (13;16)-β-D-glucan type produced by the fungus Botryosphaeria rhodina MAMB-05. In attempts to enhance its extracellular production, the quantitative effects of different nitrogen sources, fermentation time, inoculum size, C/N ratio, and initial pH were evaluated on the yields of botryosphaeran. Ammonium nitrate was selected as the best nitrogen source in examining these effects using a 2³-factorial central-composite experimental design, and analysis by the response surface method. According to a factorial design, the most important variables influencing both botryosphaeran and mycelium biomass production was inoculum concentration and the time of growth. Under these conditions, optimum botryosphaeran production occurred at 88 h of growth, 0.88 g of mycelium L -1 of nutrient mediumat C/N ratio of 30, and resulted in a 5.2 g L -1 yield of EPS in the fermentation broth. For production of the mycelium biomass, the optimum condition occurred at the same time of growth and inoculum concentration; however the best C/N ratio was 75, and resulted in a yield of 33.8 g L -1 of biomass. The results also indicated that the maximal mycelial growth is not associated to the yields of botryosphaeran production by Botryosphaeria rhodina MAMB-05.
INTRODUCTION
Botryosphaeran, a water-soluble exopolysaccharide (EPS) produced by the ascomyceteous fungus, Botryosphaeria rhodina MAMB-05, consists of a linear backbone chain comprising (13)-β-D-glucopyranosyl groups to which are attached to the branched chains of (16)-linked β-glucosyl and diglucosyl (gentiobiose) residues [1] . Botryosphaeran is responsible for the increased viscosity of the culture fluid during fermentation [2] , and can present more or less ramification points according to the carbohydrate substrate used as a carbon source during fungal growth [3] .
Some related fungal (13;16)-β-D-glucans belong to the group of biological response modifiers (BRM's) that exhibit immune-stimulatory activities by macrophage activation through interaction with specific cell-surface receptors [4] . The (13)-linked β-D-glucans therefore have potential applications as anti-tumor, anti-inflammatory, and anti-oxidant activities, as anti-sense carriers, and more recently, have been employed in the formation of nanostructures in microelectronic devices [5] .
Botryosphaeran was described as having strong anticlastogenic [6] , hypoglycemic, and hypocholesterolemic [7] activities, and in its sulfonylated form it presented anticoagulant activity [8] . Recently, botryosphaeran was also described as possessing strong antioxidant properties [9] . The literature evidence from the production, characterization, and biological activities of botryosphaeran over the last 15 Several factors such as aeration rate, agitation speed, temperature, and addition of metabolic precursors (amino acids, sugar nucleotides), have been described as influencing EPS production [22] [23] [24] . Some biochemical responses can be critical and limit the production of β-D-glucan through catabolic repression, or the presence of glucan-hydrolytic enzymes [21, 25] . Some factors that influence EPS production have strong relations to fungal growth and mycelium production [26] . In the case of B. rhodina MAMB-05, large amounts of biomass are produced during EPS production and fermentation and the fungal mycelium so produced can be utilized as a rich source of β-D-glucans [10, 17] , e.g., as a carbon source for the production of β-glucanases [11] .
Developments of economically feasible bioprocesses are necessary to present possibilities for the applications of these β-D-glucans, and optimization of fermentation conditions is a decisive factor. Statistical design experiments associated with response surface methodology (RSM) have been applied to optimize the composition of medium, and other parameters, to enhance the production of EPS, for example, gellan gum [26] , pullulan [27] , bacterial polymers [28] , and botryosphaeran through membrane-modifying agents [13] .
The improvement of botryosphaeran production is an essential key to the continuation of our research on potential applications of this (1→3; 1→6)-β-D-glucan, and for future development of fermentation processes based up on a β-D-glucan-rich residual biomass generated. The objective of the present paper was to evaluate the influence of different nitrogen sources on the production of botryosphaeran by B. rhodina MAMB-05, as well as to determine the best conditions to promote maximal production of this EPS and fungal biomass using statistical factorial design and analysis by RSM
MATERIAL AND METHODS

Microorganism and cultivation
B. rhodina isolate MAMB-05 [29] was maintained at 4 C on potato dextrose agar. Inoculum was prepared by growing the fungus on agar plates containing Vogel minimal salts medium (VMSM) [30] , agar (20 g L -1 ) and glucose (10 g L -1 ) for 120 h at 28 °C. Mycelium was transferred to baffled 125 mL Erlenmeyer flasks containing 25 mL of VMSM and glucose (5 g L -1 ), and grown for 48 h at 28 °C under shaking conditions (180 rpm). Pre-cultures were homogenized in a sterilized chilled Blender for 0.5 min at maximum speed. The cellular homogenate was then centrifuged, the mycelium recovered and sterilized physiological saline was added to give a standard solution with an optical density between 0.4 to 0.5 (400 nm) [1, 10] . The standardized inoculum (1 mL aliquots containing 2 mg mycelium dry weight) was used to inoculate 125 mL Erlenmeyer flasks containing 25 mL of VMSM and glucose (50 g L -1 ). ) as the sole carbon source along with the inorganic nitrogen sources. Cultures were incubated at 28 °C on a rotary shaker at 180 rpm over a period of 72 h. Botryosphaeran was measured after first dialyzing the cell-free culture fluid against several changes of distilled water for 48 h, followed by the addition of 4 volumes of absolute ethanol and recovering the precipitate on pre-weighed filter papers, and drying to constant weight at 70 °C. All experiments were carried out in triplicate and the results represent the means ± SD.
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Factorial analysis
Response surface methodology (RSM) was applied in two stages using a 2³-factorial centralcomposite experimental design to evaluate some initial fermentation parameters. In the first factorial design, the cultures were developed in VMSM modified with the best nitrogen source (previously chosen as NH4NO3) supplemented with different concentrations of glucose: 12.5, 42.2, 86.0, 123.7 or 159.5 g L -1 , which conferred on the culture medium the respective C/N ratios: 8, 25, 50, 75, and 92.
The variables were coded according to Equation 1:
where: The levels of the independent variables (x1 = time of growth, h, x2 = inoculum, g mycelium dry weight L -1 of nutrient medium and x3 = C/N ratio), and respective levels of variation for experimental studies of botryosphaeran (Y1 = g L -1 ) and biomass production (Y2 = g L -1 ) are shown in Table 1 . 
Analytical techniques
Reducing sugars were determined by the cuproarsenate method [31, 32] , and total sugars by the phenol-sulfuric acid method [33] . Fungal biomass was determined gravimetrically by drying to constant weight at 70 °C.
RESULTS AND DISCUSSION
The influence of the nitrogen source on the production of EPS has been observed in a diverse range of microorganisms such as the basidiomycetes Sclerotium rolfsii [34] and Trametes versicolor [35] , and this was also demonstrated in the ascomycete B. rhodina MAMB-05. Figure 2 shows that highest botryosphaeran yields were obtained using the inorganic nitrogen source, NH4NO3 (4.39 g botryosphaeran L -1 ), followed by the organic nitrogen sources, L-glutamic acid (3.43 g L -1 ) and L-proline ). The best inorganic nitrogen source, NH4NO3 (already a component of VMSM), had previously been used for botryosphaeran production by B. rhodina MAMB-05 [1, 10, 13] . Inorganic nitrogen sources appear to inhibit the biomass production and stimulate the EPS secretion [23, 35] . 
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The amounts of fungal biomass and botryosphaeran produced do not appear to be directly related; however, the best nitrogen sources for botryosphaeran production were also those that promoted the highest mycelial growth. A similar observation was reported for Paecilomyces japonica [36] , and Lentinus edodes [37] . Addition of NH4Cl and (NH4)2SO4 resulted in a 50-fold reduction in biomass production compared to NH4NO3. All of the organic nitrogen sources showed the same proportion of yields of EPS on fungal biomass (YEPS/Biomass=0.13), however, favored fungal growth over their inorganic nitrogen counterparts, and this observation has also been described for other microorganisms [38] . In the case of Paecilomyces tenuipes, the phosphorus source (KH2PO4) appeared be more relevant for EPS production and mycelium growth than the nitrogen source (KNO3) [39] .
The C/N ratio is an important factor in the biosynthesis of fungal metabolites. As NH4NO3 was chosen as the optimal nitrogen source for botryosphaeran production, the best C/N ratio was determined using this as the nitrogen source and glucose as the sole carbon source. RSM was used to determine a better C/N ratio, combined with inoculum concentration and time of growth in order to optimize the production of botryosphaeran by B. rhodina MAMB-05. Through multiple regression analyses of the experimental data, a second-order polynomial equation was obtained for botryosphaeran production (Equation 3 ), where the squared-effect terms of the variables x1 and x3, respectively for time of growth and C/N ratio, were discarded as being insignificant. 
An intercept was significant indicating that the central point had been chosen correctly. The most important variables for EPS production were inoculum concentration, followed by time of growth, and also the interaction among these variables according the p-values indicated in Table 2 . The C/N ratio values did not appear to affect botryosphaeran production like inoculum concentration and time of growth as had also been observed for the basidiomycete, Ganoderma applanatum [38] . Analysis of variance (ANOVA) indicated that the regression was significant (p<0.05), and that the lackof-fit was not significant ( Table 2 ). The R-squared value implied that 99 % of the variability of the observed response values could be explained by the model. The pure error was low, indicating good reproducibility of the experimental data. ) by B. rhodina MAMB-05 was obtained using inoculum 0.88 g myceliumL -1 of nutrient medium during 88 h of growth at a C/N ratio of 30.The best C/N ratio for EPS production depends upon the microorganism. In the case of Paecilomyces sinclairii, EPS production did not significantly increase over C/N ratios of 12 using corn steep powder as the nitrogen source [40] . While seen in Antrodia cinnamomea, a C/N ratio of 40 had a beneficial effect on EPS production as well as on mycelial growth [41] . medium, EPS production often started to decline. The reason for this was most likely due to a combination of glucose limitation and de-repression of synthesis of glycohydrolases [21] ; the latter attacking EPS, which acts as a carbon source especially during the stationary phase. Thus, longer periods of growth can unfavorably reduce the amounts of botryosphaeran formed during fermentation.
A second-order polynomial equation was obtained also for mycelium production by B. rhodina MAMB-05 (Equation 4) through multiple regression analysis of the experimental data, where the squaredeffect terms of all variables were discarded as not being significant, as well as the linear term from variable x3. An intercept was significant indicating that the central point was chosen correctly. 
The most important variables for mycelial biomass production by B. rhodina MAMB-05 were the same obtained for EPS production: time of growth followed by the interaction among this variable and initial pH (Table 3, Figure 3 ). The regression was significant (p<0.05) and the lack-of-fit was not significant according to the analysis of variance.
Highest mycelial biomass production (33.85 g L -1 ) occurred at 72 h growth, using 0.72g mycelium L -1 as inoculum, and at a C/N ratio of 75. For other microorganisms, an excess of carbon source can limit the cellular growth, favoring the biosynthesis of exopolysaccharide. 
CONCLUSION
In conclusion, the validation of fermentation parameters in statistically designed experiments resulted in an improvement of botryosphaeran production by B. rhodina MAMB-05 over unoptimized conditions. Even at lower C/N ratios, B. rhodina MAMB-05 can produce EPS and biomass simultaneously, which is economically interesting to improve the value of the EPS production process due to the potential of using a cheaper raw material (fungal mycelium).
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